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Knowledge of the specificity of dehydrogenases.

by T. Thunberg.

Translated from Biochemijsche Zeitschrift 258: 48-64 (1933) by the
Technical L.brary Branch, Technical Information Division.

I. The specificity of succinic dehydrogenase activation.

I first raised the question of specificity in reports on a group
of enzymes discovered by Wftland which I published in 1916, 1917 and 1920
(1, 2, 3) under the newly introduced name of dehydrogenases. Tn the
second paper I stated that an onzyme present in the animal organirn,
succinic dehydrogenase, which activates the hz'drogen of succinic acid,
shows no hydrogen-activating powers in connection with about 50 organic
acids and other organic substances listed in ny article. Succinic
dehydrogenaae had a certain hydrogen-activating effect only on methyl-
succinic acid (pyrotartaric acid). In thF third paper I returned to the
question of the specificity of dehydrogenases. Based on experiments
discussed therein, I expressed the opinion that dohydroge nases are
"enzymes of rather distinct specificity." I elaborated this concept
further in these words: "This does not mean, of course, that specificity
is absolutc." I-therefore disassociated myself expressly from the concept
occasionally ascribed to me in the pertinent literature, that an uncon-
ditional ,3pecificity ij characteristic of dehydrojenases. Nor do other
parts of my writings contain expressions in tnis spirit. Naturally I did
ntl. -in+.Pnr! tn rl- + ý'e pcesibili1ty th-t --ni at-U(ie~ n w u n c Vr an
enzymatic specimen of this type which possesses such specificity, At any
rate, it ought to be easier to furnish disproof of the absolute speci-
ficity of an enzyme than it wuld be to offer proof thereof. Even though
a large number of tested substances had proved inaccessible to the
hydrogen-activating effect of a certain enzyne, there is a possibility
that such an influence exists in connection with an as yet untested
substance,

The observation that succinic dehydrogenase, in spite of its high
specificity, not only affects succinic acid, but also methyl-succinic
acid, prompted me to examine other alkylated succinic acids in this I
respect, Since such materials were not available commercially, I asked
Dr. Erik Larsson to prepare the following: dimethyl-succiric acid in

the fumaroid for-m -.,ith a hiv-h inelting point; methylethyi-succinic acid

in its fumaroid form with high m.p. as well as in its maleinoid form;



diethyl-succinic acid, which was obtained not in its homogeneous form,
but as a mixture of the racemic and meso forms. These substances must
not be considered completely pure, since their melting points do not
quite coincide with those given in the literature for pure substances.
Tihu significance of this circumstance will be discussed after the des--
cription of results of attempts to employ these matei0ala as donators
in the presence of succinic dehydrogenase.

The solution of succinic dehydrogenase used in our tests was pre-
pared as follows:

100 g of commereit , well-ground horse meat were repeatedly washed
with small amounts of a boric acid - sodium chloride solution (1% boric
acid, 0.25% NaCl). Washing was repeated until the meat had turned white.
'I'he msat, freeau of the w.sh fluid by pressure, was then ground in the
mortar together with 150 cc of a solution of sodium phosphate - boric acid
(1.2% Sorensen's soditu phosphate, Na2 HPO4 L 2 H20, 1% boric acid), After
the meat had rested for 30 minutes, it was vigorously centrifuged for 20
minutes. The opalescent upper layer of separated fluid represents the
succinic dehydrogenase solution used in our tests.

Washing and exctraction of the muscular mass with solutions containing
boric acid were motivated by the desire to eliminate the effect of bacteria
as much as possible. The technique is the re.3ult of experience gained
with succinic dehydrogenase solutions, some of which were prepared without
addition of boric acid to the wash fluid or the extraction fluid, some
with such an additive. The variable results obtained with dehydrogenase
solutions without addition of ants. -;.p~ics were re~placed by constant results

after the introduction of boric acid.

Major tests were always accompanied by simultaneous controls.

In the examination of a possible hydrogen-activating effect of
succinic dehydrogenase solution on alkylated succinic acids, I utilized.... mathyla;'-s t cf..... ^=LL •°"; r examp-1a; its_ preparation in 0pper•.eimer, •

The Ferments and their Effects, 5th ed., Vol. 3, Leipzig 1929, p. 1118).

Tests were ini'tiated %.%.th one repetition xder conditions of optimal
control, aimed at the demonstration of hydrogen-activating action by
uccinic dehydrogenase on methyl-succinic acid (pyrotartaric acid).

The following record will illuminate the experirmnts.

Test 1. 19 October 1931.

Methyleine blue solution (methylcne blue medical "Merck") 1:30000.

Succinic acid, 118 mg were neutralized with n/2 KOH, after which the
solution was diluted to 10 cc. (Succinic acid and all other acids used
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in these tests were neutralized without indicators, since indicator
solutions occasionally act deleteriously on the decoloration process.)

Pyrotartaric acid, 132 mg were neutralized with n/2 KXON and diluted
to 10 cc.

Succinic dehydrogenase solution, prepared according to the description
given above. 0

Distilled water.

Now seven tubes are charged according to Table 1, evacuated and
placed in a water bath of 35 0 C. Juccinic dehydrogenase was added to each
tube just before cvacuation. Substances to be tested for possible
donator action (succinic acid and pyrotai.taric acid) were used as m/l0
solutions.

Table 1 (19 October 1931)

Tube # 1 2 3 4 5 6 7

Meth. blue l:3COOO, cc 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Pyrotartaric acid, cc 0.1 0.2
Succinic acid, cc 0.1 0.2
Succinic dehydrogenase, cc 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Distilled water, cc 0.4 0.3 0.2 0.4 0.3 0.2 0.4
Decoloration time, minutes >60 15 16 >60 3 3 >60

As evident from Table 1, addition of succinic acid in said quantities _
reduces decoloration time in the system to 3 minutes. Admixture of
correspokding amount6 of pyrotartaric acid, while reducing decoloration
time distinctly, does not accelerate beyond 15 minutes.

The nbility cf pyotartaric aci•d tu act &5 hydrogen dorator in ths
presence of succinic dehydrogenase is show also in the next test, in
which the amount of pyrotartaric acid was varied within much wider limits
than in the previous experiment. Variations were achieved by preparation
of pyrotartaric solutions at concentrations m/lO, m!/50 and m/250. These
solutions were added to various tubes in amounts ranging from 0.1 to
0.4 cc.

Test 2. (6 April 1932)

Methylene blue solution 1:50000.

Pyrotartaric acid, 26.4 mg neutralized with n/2 KOH, diluted to
2 cc = Br = m/i0.

3



1 cc Br A 4 cc distilled water = Br/5 ( m/50),I I cc Br/5 A 4 cc distilled water = Br/25 (= m/250).

Succinic dehydrogenase, prepared on the preceding day according toS~instructioas.
tu i .Table 2 (6 April 1932)

Tube # 1. 2 3 4 5 6 7

lMoth. blue 1:50000. cc 0.5 0.5 0.5. 0.5 0.5 0.5 0.5
Pyrotartaric acid Br, cc

if Br/5, cc 0.1 0.2
It Br/25, cc 0.1 0.2 0.4

Succinic dehydrogenase, cc 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Distilled water, c,. 0.4 0.3 0.2 0.4 0.3 0.2
Decoloration time, minutes > 180 133 90 8]. > 180 73 62

Tube # 8 9 10 11 12 13

Meth. blue 1:50000, cc 0.5 0., 0.5 0.5 0.5 0.5
Pyrotartaric acid Br, co 0.1 0.2 0.4

I Br/5, cc 0.4
it 1 r/125, ,c

Succinic dehydrogenase, cc 0.5 0.5 0.5 0.5 0.5 0.5
Distilled water, cc 0.4 0.3 0.2 0.4
Decoloration time, minutes 46 > 180 49 49 49 >180

The shortest decoloratior, time achieved by addition of pyrotartaric
acid to the enzyme system represents a considerably longer period than
that listed in test 1, possibly because the succinic dehydrogenase solution
used in test 2 was older. At any rate, this test also confirms the
capability of pyrotartaric acid to act as donator substance. The curve
of decoloration times plotted against the quLntity of added donator sub-
stance is of the samne type as that of the majority of donators studied to

-date. initially the t'irnu iuuwn a rapid druip -,th Uth premncts - f iiiurease~dW
donator substance, after which it approaches -B minimal value at a slower
rate. I

Thus the ability of pyrotartaric acid to occur as hydrogen donator
under the influence of a Luccinic dehydrugenase solution has been con-
firmed. It is quite impossible that a specific pyrotartaric acid
dehydrogenase is involved, different from succinic dehydrogenase, at least
as Long as the occurrence of pyro-artaric acid io not domonstr:ble in thc
animal organism.

The reaction product resulting from pyrotartaric acid upon de-
hydrogenation has not been isolated. In all probability it is methyl-
fumaric acid (mesaconic acid).

4
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Since eve,'y dehydroerenase not only activates hydrogen in the
subjLraLc's molecule to which it is adjusted, but also the molecule
remaining after donation of activated hydrogen (the residual molecule),
succinic dehydrogenase should aluo activate mosaconic acid and, in the
presence of acLivated hydrogen in the P1' tix*, should effect a reduction

of mesaconic acid to pwnrtartaric acid, analogous tc the influence of
s1CncetPi dLhdurogenase on fumaric acid. The extent to which deohydrogena-
tion of methyl-succinic acid assert themselves in a specific case ought
to depend on the solution's redox potential.

It w-ould be interesting to know whether methyJ.-fumarjc rCid

influenced by aspartase or fuimaraso in a manner aiialogouo to tho intor-
acticn between fumaric acid and the corresponding enzyme.

W[h•ile it was shown that pyrotartaric acid way enter the system
methylene blue -* succinic dehydrogenase as donator, a clear donator effect
could not be demonstrated for the remaining alkyl derivatives of succinic
acid mentioned in the introduction. Neither fumaroid dimathyl-succinic
acid nor the low or high-fusing form of methylethyl-wuccinic acid, or
diuthyl-succi~nic acid as a mixture of the racemic and mess forms (in which
form it was obtained) affected mothylenc blue deceleration in the sEotem
succinic dehydrogenase - iaethyl.n.3 bluc, at last not in a distinct manner.
This circumstance shall be illustrated by data of two tests.

In the test8 recorded below, the alkyl derivatives o£C ua1cinic acid,

which were to be examined for their posbible donator action, were used in
m'/l0 solutions. Each substance was employed in quantities of 0.1, 0.2
and 0.4 cc. Abbreviations given in the tables are readily interpreted.
The tests inciude determination of deceleration rates of the system upon
addition of variable amounts of a weak succinate solution. Results showed
strong activating powers of succinic dehydrogenase solution with respect
to succinic acid.

Table 3 (1 April 1932)

Moth. blue 1:5t ty0, ccy0 0.5 O.5 0.5 0.5 0.5 0
m/10 high m.p. dimethyl-

succinic acid, cc 0.1 0.2 0. 4Sm/10 low m.p. methylethyl-

succlinic acid cc 0.1
P1/1250 succinic acid, cc
Succirric dehydrogena~se, cc 0.5 0.5 0.5 0.5 0.5 0,5
Distilled water, cc 0.4 0.3 0.2 0.4 0.3

SDeceleration time, minutes > 180 > 180 >180 > 180 > 180 >180 i

5
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_Tube#h 7 8 9 10 U. )2 13

Meth. blue 1:50000, cc 0.5 0.5 0.5 0.5 0.5 0.5 0 5
m/iO high m.p. dimethyl-

succinic acid, cc
Uk/lO low m.p. methylethyl-

succinic acid, cc 0.2 0.4
m/250 succinic acid, cc 0.1 0.2 0.4
Succinic dehydrogenasa, cc 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Distilled water, cc 0.2 0.4 0.3 0.2 0.4 I
Decoloration time, rdnutes >180 175 >180 8 8 7 > 180

'rqhlC A (1 Aurl1 1932)

Tube # 1 2 3 4 5 6

Muth. blue 1:50000, cc 0.5 0.5 U.5 0.5 0.5 0.5
m/l0 high m.p. methylethyi-

succinic acid, cc 0.1 0.2 0.4

R/10 diethyl-auccinic acid, cc 0.1
m/250 succinic acid, cc
Succinic dehydrogcnazo, cc 0.5 0.5 0.5 0.5 0.5 0.•
Distilled water, cc 0.4 0.3 0.2 0.4 0.3
Decoloration time, minutes >120 >120 >120 100 >120 >120

Tube # 7 8 9 10 11 12 13

Moth. blue 1:50000, cc 0.5 0.5 0.5 0.5 0.5 0.5 0.5
m/10 high m.p. methylethyl-

succixvic acid, cc
rm/1 diethyl-auccinic acid, cc 0.2 0.4
m/250 succinic acid, cc 0.1 0.2 0.4
Succinic dehydrogenase, cc 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Distilled water, cc 0.2 0.4 0.3 0.2 0.4
Deculor-tion time, minAtes > 120 >120 >120 8 8 7 >120

U U Lk;ted u•1ul !Qon (iLZs -- not exclude tne possibility of a
weak donator effect of the alkyl derivatiwvz of succinic acid under
discussion. It may be auaintained, however, that the donator action of
these derivatives, if it exists, is extremely weak and has not been
demonstrated to date despite the great sensitivity of our method.

We mentioned earlier that the alkyl derivatives used terminally may
have contained impurities. This circumstance could affect test results
if the added substances are capable of accelerating decoloration of the

mothyleno blue - dehydrogenase system. In that caso such a positiveeffect could be ascribed to impurities. The absence of such -A. effect
indicates that the tested preparations are unable to func '.* as donators.

6
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II. The apocificity of succinic dehydrogenasa fiMatlon.

As known from earlier studies, the specificity of dehydro)ernses
is expressed partly in the ability to fix certain substances, partly lki
the hydrogen activation of the substances. Fixittion of the subhtrat.
of the appropriate enzyme group to the enzyme ought to be a necessary
prerequisite for hydrogen activation. On the other hand, substrate fixa-
tion apparently is possible without subsequent hydrogon activation. Thi
enzyme therefore shows greater specificity in its hydrogen activatimi
than in its fixing power, Such substances, which are fixed to the enzyme
without being activated by it, have an inhibiting effect on the ability of
dchydrogemasee• to activate true hydrogen donators, a circtumstance which
permitted the discovery of fixatiun without activation.

erequentL., Ath 4 .]xmi Lu i.ht dehydrogenase
molecule without being activated are closely reJated chemically to the
true donators. This is cluarly indicated by experience gained with
succinic dehydrogenase. Thus the inhibiting effect cxerted on the acti-
vating power of succinic dehydrugeAia.se vie-a-vie succinic acid by malonic
acid and oxalic ae:Id (cf. Quastel and Whetham 4, Qua-tel and Wooldridge 5)
iF beat explained with referenr:e to th3 position of malonic acid and
oxalic acid opposite succinic acid in the chemical system. There is
competitlun for the dehydrogenase mol-!ile between ruccinic acid and
malonic acid, if both substances are present in a solution of succinic
dehydrogenase.

I waq tempted to expand these studies to othcr dicarbonic acids.
Tests with malonic acid and oxalic acid were first repeated.

The following test shows how decoloration of methylene blue in the
system methylene blue - succinic dthydrogenase - succinic acid proceeds
in the absence and presence of oxalate.

Test 3 (9 April 1932)

Methylene blue 1:50000 (= Mb)
Potassiu, uueccinate,-39 mg dissolved in 2 cc water (= B)
1 cc B / 24 cc water = B/25
Potassium oxalate, 66 mg dissolved in 4 !P vater (= 0=).
Succinic dehydrogena se
Temperature in the water bath 350C.

Each tube was charged with 0.5 cc Mb, 0.5 cc dehydrogenaso and
enough water to raise the total volume to 1.8 cc. Table 5 reflects
only the amounts of ouccinate and oxalate solutions (in cc) zadded to
the tubes, and the resultant decoloration times.

7



abte, '; (9 ,qlril l91_')

Tube 1/25 Uxalato Donoloration Tubeu B/25 Oxalato Docoluration
# tlmo in rain. # time in rain.

1 - > 120 10 0. u.1] 13
2 0.1 - 9 ii 0.4 0.2 16
3 0.2 - 9 12 0.2 0.2 18
4 0.4 - 8 13 0. 1 0.2 22
5 -0.1 -> 12() A -4 014'
6 - 0.2 > 120 15 0.2 0.4 25
7 - 0.4 > 120 16 0.1 0.4 31
C 0.4 .1. 9 17 - - '0
(9 O. 2 ,'•.I ii

The test shows Initially that. d4,coloratio, time 13 rapid in a solution
containing succinlC deihydrogeriase and nlthytene blue, when only sucoinate
is added. Ill the case uriihlo di-scuosson the docoloration time was leos than
10 mlnut-.nv. No deeoloration is obtained if oxalaLo alone i: added. The
tube series 8 through 16 Liillo:ates that Inhibition results wien t.ho system
Mb - succinic dehyydrogenase is charged siuiultanrously with succinite and
oxalate. Iiihibition is barely apparent In tube 8, hfiere tho ratio between
oxla•Le and succinatc favorc thj laLtet, and most evident in tihe 16,
w-,re the ratio favors oxalate. Note, however, that oxalate solution was
uuvd in a potency of m/1S, while succirnto was concentrated only mn/250.
The true molar r1elation between succmnate md oxalate therefore hau
fluctuated between 1:6.25 and 1:100.

Inhibition of fib decoloratlon is even more distinct in a succiuaxu -

succinLic dehydrogunase solution, itf nalonato is addea (cf. Table 6).
Mialonato solution was concontratd at m/10 (72 rr• potassium malonatc
dissolved in 4ý cc water). The remniuing factors of this test were
identical with the experiment using oxalate,

Table 6 (ii April 19'32)

Tube B/25 Malonato Decoloration Tube B/25 Malonate Deco1,oration
IF timo in linm. # time in min.

1 - - Ž420 10 0.1 0.1 160
2 0.1 -11 11 0.4 0.2 L'40
3 0.2 - 10 12 0.2 0.2 160
4 0.4 - 9 13 0.1 0.2 240
5 - 0.1 > 420 14 0.4 0.4 160
6 0.2 > 1420 2.5 0.2 0.4 240
7 - 0.4 > .420 16 0.1 0.4 360
8 0.4 0.1 90 17 - - >420
9 0.2 0.1 140

8



Tho followiin tablet:: show that, aiong di|caluinic acids with' long,
unbrandhod carbon chains most tcl.sely related to succinic acid, glulAric
acid haa a weak inihll.iti.nr, of fect on Mb decoloration, while that. of
adipiinc acid is eve*n .alier.

Tahit 7 (11 April 912)

Tube 13/25i (Glltar ic hOeco loratl i. Tuibe P /2' (ibi.ri ia ij(- :1 ] __ I
# acid timo i milri # acid tiw ill ]An.

1 - > 180 10 O.1 m..5
2 0.0 - Jo 11 0.4 0.2 14
3 0.2 - 9 1- 0.2 0.2 15
4 0.4 - 9 13 0.1 0.2 -

011O. > i1 -1 L 0.4 0.4 118

6 0.2 > 180 15 0.42 0. 4 1o
7 - 0.4 >10o 16 0.1 0.4 21
8 0.4 0.1 13 17 - >180
9 0.2 0.1 14

Tahbe 8 (12 April 1V932)

Tube B/25 kdipinic Decoloration Tuhe B/25 Adipinic Deco]oration
acid time in minl. # acid time in mill.

1 -- - > lu 1.) 0).1 O.> 12
2 0.1 - 1i 4I 0.4 0.2 1.1
3 0.2 - 10 12 0.2 0.2 13
4 0.4 - 10 13 0.1 0.2 14
5 - 0.1 > 180 14 0.4 0.4 14
6 - (..2 > 180 15 0.2 0.4 16
7 - 0.4 > 180 16 0.1 0.4 18
8 0.4 0.1 io 17 - - > 180
9 0.2 0.1 12

Of the alkyl derivatives of walonic acid, we examined dimethyll-
anLonif. anid, et.hyl-maonic acid, dicthyl-malori- acid-aud-allylmaionic

acid for a possible inhibiting nffect oil thle 3--eubstaanco system discuseod
here. While th•os substances do show a cortain inhibiting action, it
cannot be com•ared with that of malonic acid propelr.

<)U



Table 9 (13 April 1932)
Tube B/25 Dimethyl Deco.oration Tube B/25 Dimethyl Deceleration

i malonate time in nn # malonate time in cldn.
> >180 10 0.1 0.1 7

2 0.1 - 6 11 0.4 0.2 7
3 0.2 6 12 0.2 0.2 8
4 0.4 - 5 13 0.1 0.2 8
5 - 0.1 > 180 14 0.4 0.4 8
6 - 0.2 >180 15 0.2 0.4 10
7 - 0,4 >180 16 0.1 0. 12
8 0.4 0.1 6 17 - - >380
9 0.2 0.1 7

Table 10 (14 April 1932)

Tube B/25 Ethyl Decoloration Tube B/25 Ethyl Decoloration
# malonate time in min. # malonate ttme in min.

1 - - >180 10 0.1 0.1 13
2 0.1 - 6 11 0.4 0.2 12
3 0.2 - 8 12 0.2 0.2 14
4 0.4 - 6 13 0.1 0.2 18
5 - 0.1 >180 14 0.4 0.4 18
6 - 0.2 >180 15 0.2 0.4 20
7 - 0.4 >3.8 16 0.1 0.4 22
S0.4 0.1 9 17 - - >180
9 0.2 0.1 11

Table 11 (14 April 1932)

Tube B/25 Diethyl Decoloration Tube B/25 Dieth rl Decoloration

# malonate Lime in min. # malonatc time in min.

I - - >180 30 0.1 0.1 14
2 0.i - 9 J]i 0.4 0.2 13
3 0,2 - 9 12 0,2 0.2 14
4 0.4 - 7 13 04 0- 16A
5 - 0.1 > 180 14 0.4 0.4 18 A

6 - 0.2 >180 15 0.2 0.4 21
7 - 0.4 > 180 16 0.1 0.4 24
8 0. °4 0.1 111 -r> 180

9 0.2 o.1

IIr
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Table 12 (14 April 1932)

Tube B/25 Allyl Decoloration Tube B/25 Allyl Decoloration
malonate time in min. # malonate time in min.

S- > 180 10 0.1 O.1 19
2 0.1 - 11 0.4 0.2 15
3 0.2 - 6 12 0.2 0.2 18
4 0.4 - 6 13 0.1 0.2 23
5 - 0.1 >180 14 0.4 0.4 21
6 - 0.2 >180 15 0.2 0.4 28
7 - 0.4 >180 16 0.1 0.4 34
8 0.4 0.1 1 17 - - >180
9 0.2 0.1 15,

A study of the manner in which addition of pyrotartaric acid
influences the rate of decoloration in the system Mb - dehydroggenase -

succinate is very instructive, since pyrotartaric acid (methyl-euccinic
acid) can function as donator in the presence of succinic dehydrogenase.
This substance may therefore be expected to furnish two effects: First,
displacement of succini.c acid from the dehydrog-enae molecule, secondly,
a donator function, In combinations listed in the table blow, the
result was a reduction in the rate of decoloration.

Table 13 (7 Apr11 1932)

Tube B/25 Pyro- Deceleration Tube B/25 Pyre- Decoloration
tartarate time in min. # tartarate time in min.

1 - - > 180 10 0.1 0.1. 17
2 0.1 - 13 11 0.4 0.2 18
3 0.2 - 12 12 0.2 0.2 20
4 0.4 - 12 13 0.1 0.2 22
5 - 0.1 6o 14 0.4 0.4 25
6 - 0.2 60 15 0.2 0.4 27
7 - 0.4 60 16 0.1 0.4 30
8 0.4 0.1 16 17 - - >180

*9 0.2 0.1 )7

Ne may conclude that slower Mb decoloration upon additizn of pyro-
ta-'taric acid to the system Mb - succinic dehydrogenase, compared to Mb
decoloration upon addition of cuocinic acid to the same system, is due
to a difference in hydrogen activation rather than to dissimilarities
in fixation of substrates.

WL reported above that among alkyl derivatives of succinic acid
iqxairdned for their ability to function as hydrogen donators in the system

M) - succinir. dehydrogenase, only pyrotartaric acid gave evidence of
donator action, Ahile no such activity was found in connection with

dimethyl-succinic acid, methylethyl-.suocinic acid and diethyl-succinic
acid. The absence of donator action in the case of these substances may

aK
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be due either to the circumstance that they cannot be attached to suucinic
dehydrogenase or that they are fixed to the said enzyme, but do not
participate in hydrogen activation. In the event the explanation is to
be auught in absent hydrogen activation despite fixation to the enzyme,
inhibition of Nb decoloration in the system Mb - succinic dehydrogenase -

succinic acid can be expected. As evident from Tables 14-16, inhibition
does indeed take place, although it is weak. For this reason these
alkyl derivatives of succiric acid should not possess great affinity for
succinic dehydrogenase.

Table 14 (15 April 1932)

Tube B/25 Dimethyl Decoloration Tube B/25 Dimethyl Decoloration
# succinate time in min. # succinate time in min.

m. p.1.820C m.p.!820 C

I - - 180 10 0.1 O,1 12
2 0.1 - 10 11 0.4 0.2 14

3 0.2 - 10 12 0.2 0.2 14
4 0.4 - 12 13 o.1 0.2 15
5 - 0.1 >180 14 0.4 0.4 16
6 - 0.2 >180 15 0.2 0.4 18
7 - 0.4 >180 16 0.1. 0.4 18
8 0.4 0.1 11 17 - - > 180
9 0.2 0.1 12

Table 15 (15 April 1932)

Tube B/25 Methylethyl Decoloration Tube B/25 Methylethyl Decoloration
# suecinate time in rain. # succinate time in rmill.

m.p. 167oC m.p. 167°C

i -180 - >180 10 0.•1 0. 1 10

2 0. !i0 -ii 01 1 0 .:2 138
3 0. 2 10 1 0 12 0.2 0. 2 1-3

| 4 i.•1 i i13 O.i 0.2 14
S5 - > 180 0.1 >180 14 0.4 0.4 15

6 - > 180 0.2 >180 15 0.2 0.4 13
7 - > 180 0.4A > 180 16 0.1 0. 4 15

!8 0.4 11 0. 1 ii 17 - - > 180
9 0.2 11 0.1 11

1
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Table 16 (15 April 1932)

Tube B/25 Methylethyl Decoloration Tube B/25 Methylethy. Decoloration
# succinate time in (rin. # succinate time in min.

m.p.98°C m.p.98°DC

1 - -> 180 10 0. 1 0.1 16
2 0.1 12 11 0.4 0.2 17
3 0.2 -12 12 0.2 0.2 16

0 .44 Ii 13 0.1 0.2 175 - 0.1 > 180 14 0.4 0.4 17
6 - 0.2 > 180 15 0.2 0.4 19
7 - 0.4 ;> 180 16 0.1 0 .4 20
8 0.4 0.1 13 17 - - > 180
9 0.2 0.1 15

111. Knowledge of the specificity of malic dehydrogenase.

Studies of muscular dehydrogenases published by me in 1917 (2) -

already demonstrated the presence in the musculature of a dehydrogenase

to be a better hydrogen donator. Since inactive malic acid is held to
be a compound of both enantiomorphic configurations, it was likely that
D-jtlie acid is less effective as donator substance than the natural,
levorotatory form. One must even consider the possibility that D-malic
acid is completely ineffectual. An investigation of thim problem was
initiated; its results are described below. e

n Tu L-malic acid uand by nte was iynthnsiqzed and wde available byp
Prof. Bror Holmberg of the Stockholm Techinacal nstietlic He informed
me that the preparation was produced by cleavage of inact 'we acid with
D-)-phewthylamidie and purified, by precipitation m acetone solution
with benzene. Prof. Holmberg also fuirnished L-nalic s,-id purified in
the same manner. With reference to the rotatory powe of thqse samples,
Prof. ttolberg writes that L-nalic acid shows (ossbD ltyh9 a in solution
with amumonia and urariylnitrat~e, and that U-mali: acid indicates 1490
under identical conditions. Aside from the prefix, rotatory power was

T, id nt-calitisted the action of D- and L- halic acid as donator substance

in connection :ith a number of seeds who ich are known to exert a strong
| mehydrogen-activating effect in the presence of L- inali e acid. Seeds of

F-the follo ming plaants wers studied: Citrus aurantioum due. (orange),
orydalis nobilis, w ucumis sativa (cucumber), Poinciana- r9gia and

with aniaan y e had3
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Malic acids were first prepared in solutions of m/1O by neutralizing
27 mg and diluting to 2 cc. Solutions were wade without indicators and
their solvents, e.g., alcohol. Dilution. at ratios 1,4 and 1/24 produced
solutions in concentrations m/50 and m/250.

Malic dehydrogenase solutions used in our tests were prepared by
treating husked seeds with an appropriate amount of 0.87% K2 HP04 solution.
The seed substance is thoroughly mixed with the phosphate solution and
extracted for 30 minutes under continuous stirring. The resultant
emulsion is strongly centrifuged for 20 minutes. The centrifuged tube
is then placed in ice water. Treatrent of fatty seeds produces a cream-
like upper layer, which is femoved. The supernatant fluid is somewhat
opanlescent and contains the effective dehydrogenase. In the test
described here we used a 5-fold quantity (by weight) of potassium
phosphate solution for the procurement of enzymatic extract; an exception
was made in the case of citrus extract, where we used a 15-fold amount.
Mb solution in a concentration of 1:50000 was used as hydrogen acceptoi.
The decoloration process was studied in a water bath of 3500.

Tests were carried out in a series of 14 vacuum tubes, each of which
was charged with 0.5 cc Rb solution, 0.2 or 0.4 cc of each of the various
dilutions of malic acid, 0.5 cc seed extract and enough distilled water
to make a total volume of 1.4 cc per tube. The extract had been freshly
prepared. Each tube was charged with extract just pr'or to evacuation
and placement in the water bath.

The resultant decoloration times are given in the following tables.

Table 17 (13 January 1932) Cucuiis sativa

Micrograms Decoloration time Micrograms Decoloration time
malate in min. malate in min.
per tube D-malato L-malate per tube D-malate L-malate

- 55 59 1080 48 15
108 55 28 2700 L8 1L
216 54 21 5400 46 16
540 53 17 - 59 58

Table 18 (14 january 1932) Sicyos angulata

Micrograms Decoloration time Micrograms Decoloration time
malate in min. malate in min.
per tube D-.nAlate L-malate per tube D-malate L-malate

- 43 42 1080 40 7
108 44 25 2700 40 5
216 42 18 5400 41 3
540 42 10 -42 44
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Table 19 (15 January 1932) Citrus aurantium dulc.

Micrograms Decoloration time Micrograms Decoloration time
malato in min. nalate in min.
per tube D-malate L-malate per tube D-malato L-malate

- 24 23 1080 22 10
108 20 18 2700 25 8
216 22 16 5400 29 7
540 22 12 - 23 22

Table 20 (15 January 1932) Poinciana regia

Micrograms Decoloration tLio Micrograms Decoloration time
nalate in min. malate in min.
per tube D-malate L-malate per tube P-malate L-malate

- 13 13 1080 13 6
108 11 12 2700 14 5
216 1.3 10 5400 14 4
540 13 9 - 13 13

Table 21 (14 February 1932) Corydalis nobilis

Micrograms Decoloration time Micrograms Decoloration time
malate in min. malate in min.
per tube D-malate L-malate per tube D-malate L-malate

93 91 1080 89 -
108 91 37 2700 92 5
216 89 31 5400 99 5
540 89 11 - 91 -

As indicated by the tables, there is a pronounced difference between
I- and D-malic acid. While L-malic acid is a distinct hydrogen donator,
the ability of D-malic acid to function as donator is uncertain or weak.

The difference between the two malic acids is evident from the
accompaiying graphic illustrations which reflect the decoloration times
in seed extracts of Cucumis sativa and Corydalis nobilis in relation to
different amounts of malic acid with opposite configurations. While
extracts from these seeds activated L-malic acid vigorously, D-malic
acid is a weak hydrogen donator for Cucumis and has no effect whatever
on Corydalis. Incidentally, side reactions are always possible if the
decoloration effect is weak.
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